The Donkey Sanctuary (DS) owns 3500 -4000 donkeys, estimated to be about 35% of the UK population. Although post-mortem surveys suggest a high prevalence of cardiovascular disease in donkeys, there is sparse clinical information about cardiovascular examination findings and echocardiographic findings in health and disease. In this cross-sectional study, auscultation findings were recorded, and in a subset of donkeys, echocardiography was used to screen for structural and functional cardiac disease. 202 donkeys were examined; 117 geldings and 85 females. Heart sounds S1 and S2 were detected in all donkeys, but none had audible S3. S4 was detected in 9 (4.5%; significantly older than those without S4; P<0.001). A heart murmur was detected in 4 donkeys. Echocardiography identified these to be due to a ventricular septal defect in one, and aortic regurgitation in 3. An additional 43 donkeys had echocardiography. A further 10 donkeys were identified to have aortic insufficiency, but no other valvular regurgitation. 76/202 donkeys subsequently underwent necropsy. Three showed degenerative aortic valve changes. One donkey had nodular lesions in the intima of proximal aorta and sinus of Valsalva. Histopathology showed multifocal chronic nodular eosinophilic arteritis, consistent with verminous arteritis. The DS pathology database identified other similar cases. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
findings and echocardiographic findings in health and disease. In this cross-sectional study, 26 auscultation findings were recorded, and in a subset of donkeys, echocardiography was 27 used to screen for structural and functional cardiac disease. 202 donkeys were examined; 28 117 geldings and 85 females. Heart sounds S1 and S2 were detected in all donkeys, but none 29 had audible S3. S4 was detected in 9 (4.5%; significantly older than those without S4; 30 P<0.001). A heart murmur was detected in 4 donkeys. Echocardiography identified these to the frequency of conditions resulting in donkey morbidity (Morrow and others 2011). The mean age 58 was 30.6 years, so geriatric diseases are likely to be over-represented. Valvular (33%) and 59 myocardial heart lesions (11.2%) were not infrequent (Morrow and others 2011), although severity 60 of these were not assessed. Since this survey reported pathological evidence of valvular heart 61 disease in one-third of donkeys, it is surprising that there is sparse clinical information regarding the 62 pre-mortem diagnosis of cardiac disease in donkeys, or the clinical relevance of lesions identified. 63
Heart murmurs and degenerative valvular disease are common in geriatric horses (Ireland and In the pathological survey (Morrow and others 2011), the prevalence of aneurysms was 43.1% 74 (typically the cranial mediastinal artery) and prevalence of other vascular disease was 60.9%, with 75 both occurring together in some animals (32.9%). Whether vascular disease is an ageing change in 76 donkeys, or is associated with Strongyle infestation as in horses (Else and Holmes 1972a) is not clear. 77
The aims of this observational, cross-sectional study were therefore (i) to screen a selection of 78 apparently healthy, sedentary donkeys at the DS over a wide age range and to document 79 auscultation findings including presence and frequency of arrhythmias and heart murmurs, (ii) to use 80 echocardiography to screen for structural or functional heart disease in those with murmurs and a 81 subset without, (iii) to review The Donkey Sanctuary Pathology Database for evidence and 82 prevalence of cardiac and vascular disease, including some donkeys assessed by echocardiography. 83
Finally, we wanted to compare veterinarians' perceptions of the importance of heart disease in 84 donkeys with the frequency of heart disease identified in this population at the DS. 
Results

152
The donkey population evaluated 153 A total of 202 donkeys underwent physical examination by auscultation. There were 117 males (all 154 geldings) and 85 females. The ages, weights and body condition scores of donkeys are given in Table  155 1. There was no significant difference in ages between the genders, but females were significantly 156 lighter, despite having a larger weight range than the geldings (Table 1; Figure 1) ; BCS was not 157 significantly different between genders. Respiratory rate counted prior to handling in the 158 auscultated donkeys was 20 breaths / minute, with no difference between males and females (Table  159 1). Respiratory rate showed a negative association with body weight and a positive association with 160 advancing age (Table 2 ; Figures 2A, 2B) . 161
Auscultation findings and echocardiographic assessment of heart murmurs 162
The median heart rate was 40 bpm (range 36 -80 bpm) for the whole population, with no significant 163 difference between the genders (Table 1 ). There was a weak positive association between heart rate 164 and respiratory rate (Table 2; Figure 2C ). The predominant heart rhythm evident on auscultation was 165 regular sinus rhythm. In three donkeys, occasional second degree atrioventricular block was 166 identified. No donkey had a pathological arrhythmia identified. All donkeys had S1 and S2 heart 167 sounds clearly audible. S3 was not detected in any donkey. Only nine donkeys (4.5%) had an audible 168 S4; five geldings and four females. The mean age of the donkeys with audible S4 (33.78 ± 3.90 years) 169 was significantly older than those without (24.45 ± 8.00 years) (P<0.001). 170
A heart murmur was identified in 4 donkeys. One 10 year old gelding had a bilateral grade 2/6, 171 basilar early to mid-systolic murmur, without any diastolic component. On investigation by 172 echocardiography, this was confirmed to be due to a restrictive ventricular septal defect (VSD) 173 ( Figure 3A ) associated with aortic prolapse (Figure 3B ), but no significant aortic regurgitation. Peak 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 died under treatment or were found dead, and 71 had been euthanased for various reasons (Table  209 3), with the major reasons for death or euthanasia identified at post-mortem being liver disease, 210 colic or gastro-intestinal conditions and respiratory diseases. Of the post-mortem examination 211 population, there were 39 geldings and 37 females. 212
Of the 76 donkeys with post-mortem data, 12 had prior echocardiography as part of this study. The 213 echocardiography was normal in three and showed AoI in 9 out of the 12 (1 severe, 1 moderate and 214 7 mild cases). Post-mortem coding of "thickened aortic valve" was only reported in three of these 215 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 4 . These were either valvular or vascular; myocardial lesions were not 229 coded as a major finding in these numbers. Similar nodular lesions within the proximal aorta as 230 described above were reported. 231
232
Questionnaire 233 A total of 35 respondents out of 104 invitations (response rate 33.7%) replied to the questionnaire 234 regarding opinions and familiarity with donkeys and heart disease in donkeys (data shown in Figure  235 8). Only 25 vets reported examining a total of 176 donkeys over the preceding year. Only one vet 236 reported the presence of a heart murmur in a single donkey, and none of the respondents had 237 treated cardiac disease in this species. However, of the vets treating donkeys, 10/25 vets considered 238 that donkeys were subject to cardiac disease and 15/25 did not. The vets seeing more donkeys 239 (average 7.9 donkeys/vet/year) thought that cardiac disease was not common, in contrast to those 240 who did consider it a clinical problem (average 5.8 donkeys/vet/year). However, there was no 241 statistically significant difference between vets considering heart disease was important (yes / no) 242 and whether they examined >6, <6 or 0 donkeys a year (P=0.187). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 This study identified a low prevalence of clinically important cardiac disease across a wide age range 248 in this representative subset of the UK donkey population (estimated to be 5 -6% of the total cared 249 for by the DS). Both echocardiography and post-mortem examination identified degenerative 250 valvular disease, particularly affecting the aortic valve, similar to horses. This tended to be in older 251 donkeys although this did not achieve statistical significance, likely due to low numbers. 252
The physical examination findings, in particular heart rate and respiratory rate, are in accordance 253 with other publications from healthy, non-working ( contrast to the ejection-type murmurs identified in 9/22 (41%) of donkeys in another study (Amory 286 and others 2004). Heart murmurs were not mentioned in another echocardiography study of 287 working donkeys (Hassan and Torad 2015) . In geriatric horses, 20% prevalence of heart murmurs 288 (Ireland and others 2012), is much higher than this study. Three of the four donkeys with a heart 289 murmur were less than the median weight of the gelding population (Table 1; weighing 142, 148 and  290 156 kg respectively; the heaviest weighed 184 kg). Speculatively, murmurs may be less likely to be 291 detected in over-weight donkeys, and those with thick hair-coats. 292 CFDE identified AoI without an audible diastolic heart murmur, confirming its superior sensitivity 293 over auscultation (Blissitt and Bonagura 1995) . Of note, no mitral, tricuspid or pulmonic The retrieved post-mortem records of the donkeys from this study were very brief, and some 305 referred to more than one body system affected by pathology, but only the major finding was 306 recorded in Table 3 . Liver disease, gastro-intestinal disease and respiratory conditions were most 307 frequent in this group of donkeys, and were also identified as being significant in another post- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The raised granulomatous lesions identified in the proximal aorta in one case in this study, and from 324 more donkeys from the archive were thought to reflect verminous arteritis by the pathologist's 325 report, even though no parasites were identified. Similar lesions were also described by 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The questionnaire showed that this small group of veterinary surgeons had very little experience 347 with pet donkeys, with only 25/35 vets examining this species and the maximum number of donkeys 348 seen per year by one vet was 35, but the respondents saw a median of 3 donkeys a year. Despite 349 this, a minority of vets considered that clinically detectable heart disease may be a problem in the 350 species, ranging from 30% (vets not examining donkeys) to 40% (vets examining donkeys). In fact, 351 the vets examining more donkeys (average 7.9/vet) were less likely to consider that heart disease 352 was significant than those examining fewer donkeys (average 5.9/vet). Only one out of a total of 176 353 donkeys examined was identified with a heart murmur and none were treated for cardiac disease. There are a number of limitations to this study. Only one observer carried out the auscultation and 361 echocardiography, therefore inter-observer agreement or variation could not be determined. 362
Auscultation and the detection of quiet heart murmurs can be affected by a number of factors, 363 including environmental noise (minimised as far as possible), stethoscope quality and hearing acuity. 364 Donkeys have thicker skin and hair coat than horses, tended to have increased fat, and also have a 365 thicker cutaneous colli muscle, all of which may make auscultation less rewarding than in horses. It is 366 therefore certainly possible that quieter murmurs could be missed. In addition, the donkey with a 367 restrictive VSD, expected to have a loud right sided systolic heart murmur, only had a grade 2/6 368 murmur noted, which supports the "muffling" effects of the chest wall on auscultation. 
Conclusions
380
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2A. Association between respiratory rate and body weight.
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2B. Association between respiratory rate and age.
435
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